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Received 5 June 2016; revised 27 August 2016; accepted 27 August 2016AbstractPlant extracts have recently been used for nanoparticles green synthesis since they are rich in bioactive compounds. The po-
tential of biomolecules present in plant extracts to reduce metal ions to NPs in a singleestep green synthesis process is very
important. In this study, we have reported the synthesis of silver nanoparticles by reducing the silver ions present in the solution of
silver nitrate by the cell free aqueous extract of Capparis spinosa leaves. Silver nanoparticles (AgNPs) were successfully syn-
thesized using C. spinosa extract and the nature of synthesized nanoparticles was analyzed by UVeVis spectroscopy, transmission
electron microscopy, Xeray diffraction and Fourier transform infrared spectroscopy. The antimicrobial effect of NPs produced C.
spinosa was studied using different pathogenic bacteria such as Escherichia coli, Salmonella typhimurium, Staphylococcus aureus
and Bacillus cereus. From the disc diffusion results, the synthesized silver nanoparticles showed an excellent antibacterial property
and a high antimicrobial activity compared to the ionic silver.
© 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of University of Kerbala. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Nanomaterials can be useful in such areas as solar
energy conversion, catalysis, medicine and water
treatment [1]. Among nanomaterials, Silver nano-
particles play an important role in the field of biology
and medicine due to their attractive physiochemical
properties. Silver nanoparticles are reported to possess* Corresponding author.
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eangiogenesis and antiplatelet activity [2].
There are many approaches for the synthesis of
silver nanoparticles, such as thermal decomposition
[3], electrochemical [4], the use of microwave [5] and
green chemistry methods [6]. The development of a
reliable green process for the synthesis of silver
nanoparticles is very important in the current nano-
technology research. In comparison with chemical and
physical methods, green synthesis has many advan-
tages: it can be cost effective, environmentally friendly
and easily scaled up for largeescale synthesis.n behalf of University of Kerbala. This is an open access article under
4.0/).
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Fig. 1. Capparis spinosa.
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to use toxic chemicals energy, high pressure and tem-
perature [2]. The use of plant extracts to produce
nanoparticles is one of environmentally friendly green
processes. Furthermore, due to wide distribution of the
plant and safety in handling a range of different me-
tabolites, this biosynthesis can be regarded as an eco-
nomic method [7].
Processes employed for making nanoparticles using
plant extracts are readily scalable and for the most part,
less expensive [8]. In comparison to the relatively
expensive methods based on microbial processes and
whole plants [9], nanoparticles produced from plant
extract, because of their medicinal properties, could be
used in drugs, targeted drug delivery and cosmetic
applications [10].
This study deals with the synthesis of silver nano-
particles from the Caper medicinal plant. Caper
(Capparis spinosa) is an evergreen shrub belonging to
the genus Capparis and the family Capparaceae. It is a
native Mediterranean plant, but it has a wide distribu-
tion from the Atlantic coasts of the Canary Islands and
Morocco to the Black Sea, the Crimea and Armenia. It
can also be found in the Caspian Sea and Iran [11].
Here in, we report the synthesis of silver nano-
particles reducing the silver ions present in the solution
of silver nitrate by the cell free aqueous extract of
Capparis spinosa leaf. The obtained particles were
analyzed by UVeVis spectroscopy, scanning electron
microscope (SEM), Transmission electron microscopy
(TEM), Xeray diffraction (XRD), and Fourier trans-
form infrared (FTeIR) spectroscopy. Furthermore, the
antibacterial activity of synthesized nanoparticles was
investigated against different pathogenic bacteria.
2. Materials and methods
2.1. Materials
All the reagents used in this experiment were ob-
tained from Merck. Double distilled water was utilized
for this process. Filtration was established using
Whatman No. 1 filter papers. Glass wares used for the
complete reactions were washed well, rinsed with
double distilled water and dried in the hot air oven. The
fresh Capparis spinosa leaves were collected from
Vilashahr, Isfahan, Iran, between September and
October (Fig. 1). The taxonomic identity of the plant
was confirmed by comparing the collected voucher
specimen with that of the known identity available in
the herbarium of the Department of Natural Resources,
Isfahan University of Technology, Iran.Please cite this article in press as: F. Benakashani et al., Biosynthesis of s
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The leaves were thoroughly washed several times
using normal tab water; then this was continued by
distilled water to remove the impurities. 20 g of fresh
leaves were boiled in 100 ml filtered water. After
10 min, leaves were crashed and boiled again for 5 min.
The prepared solution was initially filtered through
normal filter paper mesh so that the leafy materials
could be filtered out; then the extract was filtered
through Whatman filter paper No. 1. The filtered extract
was stored in the refrigerator at 4 C. This extract was
used as the reducing and stabilizing agent.
2.3. Synthesis of silver nanoparticles
30 ml of 0.01M aqueous solution of silver nitrate was
taken in Erlenmeyer flask; then 2.0, 2.5, 3.0 and 4.0 ml of
C. spinosa leaf extract was added separately to it at room
temperature.After 15min, the solutionwas turned to dark
brown, indicating the formation of silver nanoparticles.
2.4. Characterization of silver nanoparticles
The formation of silver nanoparticles was confirmed
by UVeVisible spectroscopy using UNICO (Model
SUVeS2100, USA) spectrophotometer instrument. To
determine the biomolecules present in the leaf extract,
FTIR analysis was carried out for the reduction of Ag
ions with the spectral range of 400e4000 cm1. Here
the sample was centrifuged at 9500 rpm for 20 min,
dried using hot air oven and ground with KBr to form a
pellet. Then, the pellet was analyzed using JASCO 860
model FTIR instrument. The crystalline structure of
the copper nanoparticles were determined by XeRay
diffraction analysis using an XeRay diffractometerilver nanoparticles using Capparis spinosa L. leaf extract and their
16), http://dx.doi.org/10.1016/j.kijoms.2016.08.004
Fig. 2. UVeVis spectra of (a) C. spinosa leaf extract and of silver
nanoparticles using C. spinosa leaf extract at different concentrations
(b) 2.0 ml, (c) 2.5 ml, (d) 3.0 ml and (e) 4 ml.
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time interval at the room temperature, 27 C. The
morphology and the mean particle size of the Ag were
determined by SEM and TEM analysis. The samples
were prepared for SEM and TEM analysis. The SEM
analysis was established using HITACHI Se4160,
Japan. The TEM analysis was carried out using
cm30ePhilphs at an operating voltage of 80 kV.
2.5. Antimicrobial assay
The antimicrobial activity was established using the
disc diffusion method [12]. The bactericidal effect of
Ag nanoparticles produced from Capparis spinosa
could be attributed to their high surface to volume ratio
and small size, allowing them to interact very closely
with microbial membranes. The antimicrobial study
was carried out using different pathogenic bacteria
such as Escherichia coli (ATCC 35218), Salmonella
typhimurium (ATCC 14028), Staphylococcus aureus
(ATCC 29213) and Bacillus cereus (ATCC 14579). To
cultivate the bacteria, nutrient broth agar was used. The
inoculum of each bacterium was developed by growing
the organism overnight in MullereHinton medium at
37 C and then subcultured in MullereHinton agar at
37 C overnight. Four or five colonies of the bacteria
were selected using a sterile inoculating loop and
suspended in 2 ml of sterile saline. The turbidity of the
bacterial suspensions was adjusted to the 0.5 McFar-
land standards by diluting with sterile saline. Sterile
swabs were dipped into the inoculum tubes. Mul-
lereHinton agar plates were inoculated with bacteria
by streaking the swabs. The sterilized standard discs
(6.4 mm) were impregnated with 30 ml (100 ppm) C.
spinosa extraction nanoparticles, silver nitrate (positive
control),Capparis spinosa leaf extract and deionized
water (negative control) and then incubated at 55 C
for 1 h. All discs were utilized to assess the antibac-
terial activity against four different bacterial strains on
MuellereHinton agar plates (Becton, Dickinson and
Company, Franklin Lakes, NJ, USA). The impregnated
discs were placed on the MullereHinton agar plates
were inoculated with bacteria. Petri dishes were incu-
bated for 24 h at 37 C. Finally, antibacterial capacity
of the silver nanoparticles was measured by the zone of
inhibition around discs as bacterial growth inhibition.
The disc diffusion test was performed in triplicate.
2.6. Statistical analysis
The results of the disc diffusion test were described
as means ± the standard deviation (SD) and analyzedPlease cite this article in press as: F. Benakashani et al., Biosynthesis of s
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USA). A Student's tetest was used to compare the
results of the disc diffusion test. P values lower than
0.01 (P < 0.01) were considered significant.
3. Results and discussion
3.1. UVeVis spectral studies
As the capper leaf extract was mixed with the
aqueous solution of the silver nitrate, it started to
change the color from green to brown due to the
reduction of silver ion. It is known that when the sur-
face plasmon vibrations in silver nanoparticles are
excited, the silver nanoparticles exhibit some yellowish
brown color in the aqueous solution [13].
The presence of nanoparticles was confirmed by
obtaining a spectrum in the visible range of
300 nme600 nm using UVevisible spectrophotometer
(Fig. 2). From this analysis, absorbance peak was found
at around 420 nm, which was specific for Ag nano-
particles. Based on the UVeVIS spectra, the sharpness
of the absorption peak was found to be dependent on the
concentration ratio of the leaf extract; thus, it was sharper
with a higher concentration ratio (Fig. 2). Ashokkumar
et al. studied the effect of varying the concentration of
leaf extract on the size of AgNPs. The results obtained by
them were very similar to what we found [14]. As the
concentration of leaf extract is increased, more number
of biomolecules is available in the leaf extract which will
be helpful for the metal reductive process.ilver nanoparticles using Capparis spinosa L. leaf extract and their
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Fig. 4. FTIR spectra of silver nanoparticles using Capparis spinosa
leaf extract at different concentrations (A) 2.0 ml, (B) 2.5 ml, (C)
3.0 ml and (D) 4.0 ml.
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The morphology of green synthesized AgNPs was
viewed by FESEM. The FESEM image, as represented
in Fig. 3, showed that the AgNPs formed were well
dispersed with a spherical shape and particle sizes
ranging from 10 to 40 nm. It is known that the optical
and electronic properties of metal nanoparticles are
largely affected by the shape of nanoparticles [15].
3.3. FTIR spectroscopy
It has been shown that phytochemical analysis of
Capparis spinosa leaf extract reveals whether the
aqueous extract contains carbohydrates, glycosides and
flavonoids [16]. The presence of carbohydrates, gly-
cosides and flavonoids in Capparis spinosa leaf extract
may play an important role in Agþ reduction reaction.
FTIR spectroscopy was used to characterize and
identify the chemical composition of the AgNPs sur-
face. As can be seen in Fig. 4, the peak at 3400 cm1
revealed that water and OeH absorption frequency for
NeH groups [17]was 2940 cm1, thereby confirming
that the stretching vibration of CeH and 1635 cm1
corresponded to carbonyl specific absorption. On the
other hand, these were 1080 cm1, 1050 cm1, thereby
showing the eCeOeC and CeOH stretching [18].
The peak at 1635 cm1 was the stretching vibration of
amideeI C]O groups of protein. The band at
1405 cm1could be due to the stretching of CeO
group. The band at 1381 cm1 corresponded to CeNFig. 3. FESEM images of silver nanoparticles using Capparis spinosa leaf
and (D) 4 ml.
Please cite this article in press as: F. Benakashani et al., Biosynthesis of s
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1577 cm1 were attributed to the bending vibration of
NeH groups [19]. The band at about 1750 cm1 cor-
responded to carbonyl stretch vibrations in ketones,
aldehydes and carboxylic acids.
3.4. TEM microscopy
TEM was used to view the morphology and size of
silver nanoparticles. The TEM image illustrated silver
nanoparticles were spherical in shape (Fig. 5). Theextract at different concentrations (A) 2.0 ml, (B) 2.5 ml, (C) 3.0 ml
ilver nanoparticles using Capparis spinosa L. leaf extract and their
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5 and 30 nm, thereby confirming the presence of the
nanoparticles. The capping with dark shades on the
surface of nanoparticles showed the presence of sec-
ondary materials. This could be attributed to the bio-
compounds present in the leaf extract. It should be
noted that these biocomponents can result in the effi-
cient reduction of silver salts to nanoparticles and serve
as an appropriate capping agent, thereby inhibiting
them from aggregation [20].
3.5. XRD analysis
The XRD pattern of the dried silver nanoparticles is
shown in Fig. 6 The XRD peaks at 2q degree of 38.1,
44.3, 64.4 and 77.7 could be attributed to the (111),
(200), (220) and (311) crystalline planes of the face
centered cubic crystalline structure of metallic silver
(JCPDS file No. 01e071e4613). To determine theFig. 5. TEM images of Ag nanoparticles using Capparis spinosa leaf extrac
4 ml.
Please cite this article in press as: F. Benakashani et al., Biosynthesis of s
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Scherrer equation was used.
D¼ Kl
b cos q
ð1Þ
where D is the crystalline size of NPs, (FWHM) K is
the Scherer constant with a value ranging from 0.9 to 1,
l is the wavelength of the Xeray source (0.1541 nm)
used in XRD, b is the full width at the half maximum of
the diffraction peak and q is the Bragg's angle. Ac-
cording to DebyeeScherrer equation, the average
particle size was calculated to be 20 nm.
3.6. Antibacterial activity
The antibacterial activity of Ag nanoparticles pro-
duced from 4 ml of Capparis spinosa leaf extract was
studied against both gram positive and gram negative
bacteria. The average antibacterial activity of Agt at different concentrations (A) 2.0 ml, (B) 2.5 ml, (C) 3.0 ml and (D)
ilver nanoparticles using Capparis spinosa L. leaf extract and their
16), http://dx.doi.org/10.1016/j.kijoms.2016.08.004
Fig. 6. XRD spectra of silver nanoparticles using Capparis spinosa
leaf extract at different concentrations (A) 2.0 ml, (B) 2.5 ml, (C)
3.0 ml and (D) 4 ml
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to 16 mm (the zone of inhibition). Typically, it should
be explained that the maximum activity of Ag nano-
particles is found for E. coli with 16 mm zone of in-
hibition. The diameters of the inhibition zones against
S. typhimurium, S. aureus and, B. cereus were found to
be 15.1, 14.1 and 13.1 mm, respectively (Table 1). The
representative zones of inhibition are shown in Fig. 7.Table 1
Zone of inhibition (mm) of AgNO3 and AgNPs against tested bacteria.
Bacterial species Zone of inhibition (mm) averag
AgNO3 AgNPs
Escherichia coli 11.1 ± 0.1 16 ± 0.1
Salmonella typhimurium 11.2 ± 0.1 15.1 ± 0
Staphylococcus aureus 10.2 ± 0.1 14.1 ± 0
Bacillus cereus 10.2 ± 0.2 13.1 ± 0
Average zone of inhibition* (mm) 10.67 ± 0.55a 14.57 ±
*aeb: Mean values with different superscript are significantly different by S
Please cite this article in press as: F. Benakashani et al., Biosynthesis of s
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show any clear microbial inhibition zone, whereas
AgNPs synthesized by C. spinosa extract and AgNO3
exhibited distinctive microbial inhibition zones
against all four test bacteria in the disc diffusion
method. Many studies have reported that AgNPs can
be an effective bactericidal agent [20e22]. Re-
searchers have proposed different mechanisms ac-
counting for the antibacterial effect of silver
nanoparticles, however the mechanism showing the
action of AgNPs is still unclear. Also, it should be
noted that the antimicrobial activity of nano silver
depends on particle size [23], preparation method, etc.
The method employed for the preparation of silver
nanoparticles can cause the formation of different
sized and shape particles, thereby resulting inchanges
of antimicrobial activity. Previous studies have shown
that the sizes of AgNPs synthesized by plant extract
range from 2 to 4000 nm, whiles shapes range from
spherical to hexagonal. Finally, the smaller size of
AgNPs with the spherical shape can have good anti-
bacterial efficacy [13,24,25]. The results presented in
this study revealed that AgNPs produced by extra-
cellular biosynthesis were spherical and varied from 5
to 30 nm in diameter. Morones et al. have reported that
the smaller size of AgNPs with a larger surface area
provides a stronger bactericidal effect than the larger
size particles [26]. Also, the antimicrobial activities of
biologically synthesized AgNPs against gram negative
and gram positive bacteria showed that gram negative
bacteria were more sensitive than gram positive bac-
teria. Gram negative bacteria and gram positive bac-
teria are classified based on their different membrane
structures and compositions [27]. Hence, the higher
sensitivity of gram negative bacteria may be due to
this difference.
Overall, the results of this study indicated that the
nanoesized silver produced by Capparis spinosa
showed excellent antibacterial property and high anti-
microbial activity compared to the ionic silver.e ± standard deviation (SD)
Capparis spinosa leaf extract Deionized water
6.4 6.4
.2 6.4 6.4
.2 6.4 6.4
.1 6.4 6.4
1.25b e e
tudent's tetest (P < 0.01).
ilver nanoparticles using Capparis spinosa L. leaf extract and their
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Fig. 7. Antibacterial activity of silver nanoparticles against Escherichia coli, Salmonella typhimurium, Staphylococcus aureus and Bacillus
cereus. (1) AgNO3 (2) AgNPs, (3) Deionized water and (4) Capparis spinosa leaf extract.
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In this study, C. spinosa conjugated Ag nano-
particles were synthesized using their leaves extract.
The synthesized AgNPs were analyzed using
UVspectrophotometer, FTIR, SEM, TEM and XRD.
The biosynthesized silver nanoparticles were proved to
have excellent antimicrobial antibacterial performance
against gramnegativebacteria, E. coli and S. typhimu-
rium, using C. spinosa leaves extract. Therefore,
AgNPs producing C. spinosa may be potentially uti-
lized for the economical production of AgNPs for
many pharmaceutical applications.
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